A novel bacterium, designated strain F051-1 T , isolated from a seawater sample collected from the coast at Damupo beach in Pohang, Korea, was investigated in a polyphasic taxonomic study. Cells were yellow-pigmented, strictly aerobic, Gram-staining-negative and rod-shaped. The temperature, pH and NaCl ranges for growth were 4-30 6C, pH 6.0-9.0 and 1.0-6.0 % (w/v), respectively. Phylogenetic analysis based on 16S rRNA gene sequences indicated that strain F051-1 T belongs to the genus Psychroserpens in the family Flavobacteriaceae. Its closest relatives were Psychroserpens burtonensis ACAM 188 T (96.8 % 16S rRNA gene sequence similarity) and Psychroserpens mesophilus KOPRI 13649 T (95.7 %). The major cellular fatty acids were iso-C 15 : 0 , iso-C 15 : 1 G and anteiso-C 15 : 0 . The polar lipid profile consisted of a mixture of phosphatidylethanolamine, two unidentified aminolipids, one unidentified phospholipid and eight unidentified lipids. The major respiratory quinone was menaquinone-6 and the genomic DNA G+C content of the strain was 33.5 mol%. On the basis of phenotypic, phylogenetic and genotypic data, strain F051-1 T represents a novel species within the genus Psychroserpens, for which the name Psychroserpens damuponensis sp. nov. is proposed. The type strain is F051-1 T
The genus Psychroserpens, first proposed by Bowman et al. (1997) , belongs to the family Flavobacteriaceae in the phylum Bacteroidetes. This genus currently contains two recognized species: Psychroserpens burtonensis, isolated from Burton Lake, Antarctica (Bowman et al., 1997) , and Psychroserpens mesophilus, isolated from a young marine biofilm formed on an acrylic surface (Kwon et al., 2006) . The genus Psychroserpens comprises Gram-negative, obligately aerobic, rod-shaped, oxidase-positive, yellow-to yellowish-orange-pigmented bacteria. During the course of a study on the diversity of culturable aerobic bacterial strains in seawater, a large number of novel bacterial strains were isolated. One of these isolates, designated strain F051-1 T , was found to resemble members of the genus Psychroserpens and was subjected to further taxonomic investigation. In this study, we analysed the genotypic, chemotaxonomic and phenotypic characteristics of strain F051-1 T , in order to establish its phylogenetic affiliation.
Strain F051-1 T was isolated, from a seawater sample collected near Damupo beach in Pohang, South Korea (36 u 029 510 N 129 u 359 100 E), using a standard serial dilution plating method and incubation on marine agar 2216 (MA; Difco) at 25 u C for 7 days. Subcultivation was performed routinely on MA at 25 u C for 3 days under aerobic conditions and the strain was preserved at 280 u C in marine broth (MB, Difco) supplemented with 20 % (v/v) glycerol. For comparative analyses of phenotypic characteristics and fatty acid composition, Psychroserpens burtonensis ACAM 188 T (5DSM 12212 T ) and Psychroserpens mesophilus KOPRI 13649 T (5KCCM 42261 T ) were used as reference strains.
Bacterial genomic DNA was extracted and purified by using an Exgene genomic extraction kit (GeneAll Biotechnology), and the nearly complete 16S rRNA gene sequence was amplified using bacterial universal primers, 27F and 1492R (Weisburg et al., 1991) . The PCR product was purified by using an Expin DNA purification kit (GeneAll Biotechnology) and was ligated into the T-Blunt vector (SolGent) according to the manufacturer's instructions. The ligation product was transformed into competent Escherichia coli DH5a cells. The cloned 16S rRNA gene sequence was determined, in an ABI3730XL automated sequencer (Applied Biosystems) by Macrogen (Seoul, Korea). The resulting 16S rRNA gene sequence was compiled using SeqMan software (DNASTAR) and compared, with 16S rRNA gene sequences available from GenBank, by using the BLAST program (http://blast.ncbi. nlm.nih.gov/Blast.cgi) to determine the novel strain's approximate phylogenetic affiliation and using the CLUSTAL_X software package (Thompson et al., 1997) to align the sequences of closely related organisms. Sequence similarity values were computed using the EzTaxon server (http://www.eztaxon.org/; Chun et al., 2007) . Gaps at the 59 and 39 ends as well as ambiguous bases were removed from the alignment using the BioEdit program (Hall, 2007) . Phylogenetic trees based on comparison of 1315 nt were constructed by using the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) algorithms in the MEGA 5.0 program (Kumar et al., 2008) , with bootstrap values based on 1000 replications (Felsenstein, 1985) . Evolutionary distance matrices were calculated according to the algorithm of the Kimura two-parameter model (Kimura, 1983 T that was supported by a bootstrap value of 100 % (Fig. 1) . Clustering of strain F051-1 T with members of the genus Psychroserpens was also seen in the trees constructed using the maximum-parsimony and maximum-likelihood algorithms (data not shown).
Cells of strain F051-1 T grown aerobically on MA at 25 u C for 3 days were used for the examination of colony morphology, size and colour. Cell morphology and size were examined, under a light microscope Nikon) and in a scanning electron microscope (SNE-1500M, SEC), using cells from exponentially growing cultures (Jeon et al., 2004) . Gliding motility of strain F051-1 T was investigated, under a phase-contrast light microscope, by the hanging drop method described by Bernardet et al. (2002) .
The following tests were performed on strain F051-1 T and the reference strains. The optimal temperature and temperature range for growth were determined on MA at 4, 10, 15, 20, 25, 30, 35, 37 and 42 u C. NaCl requirement and tolerance were determined in the presence of 0-10 % The pH range for growth was determined in marine broth 2216 (MB; Difco) that was adjusted to various pH values (pH 5.0-10.0, at intervals of 0.5 pH unit) with HCl or NaOH, after sterilization. Gram staining was determined by using the bioMérieux Gram stain kit according to the manufacturer's instructions. To detect flexirubin-type pigments, cell mass was subjected to the KOH test described by Bernardet et al. (2002) . Anaerobic growth was assessed on MA incubated in a GasPak anaerobic system (BBL) for up to 20 days at 25 u C. Catalase and oxidase activities were determined using standard methods (Tindall et al., 2007) . The degradations of agar, starch and carboxymethylcellulose were tested according to the method of Smibert & Krieg (1994) . Casein hydrolysis was determined according to the method of Lányí (1987) and hydrolysis of Tweens 20, 40, 60 and 80 was determined according to Baumann & Baumann (1981) . DNase activity was determined with DNase test agar (Difco) made with seawater [3 % (w/v) sea salts in distilled water] instead of pure distilled water. Antibiotic sensitivity was determined by the disc diffusion method, using commercial antibiotic discs (Oxoid) containing ampicillin (10 mg), carbenicillin (100 mg), chloramphenicol (30 mg), erythromycin (15 mg), gentamicin (10 mg), kanamycin (30 mg), lincomycin (15 mg), nalidixic acid (30 mg), neomycin (30 mg), novobiocin (5 mg), oleandomycin (15 mg), penicillin (10 U), polymyxin B (300 mg), rifampicin (5 mg), streptomycin (25 mg) or tetracycline (30 mg). The results were interpreted according to the guidelines set forth by CLSI (2003) . Other phenotypic and enzymic characteristics of strain F051-1 T and the reference strains were assessed using API 20E and API 20NE kits (bioMérieux), with incubation either at 25 u C for 3 days (strain F051-1 T and P. mesophilus KCCM 42261 T ) or at 15 u C for 5 days (P. burtonensis DSM 12212 T ). API ZYM kits were incubated at 25 u C or 15 u C for 12 h. The oxidation of different carbon sources was assessed using GN2 MicroPlates (Biolog) according to the manufacturer's instructions. All commercial kits were inoculated with bacterial suspensions in 3 % (w/v) sea salts in distilled water. Detailed results of the morphological, physiological and biochemical tests are given in the species description and in Table 1 . Growth range: NaCl (%, w/v) 1-6 1-5 1-4 pH 6.0-9.0 6.5-9.0 6.0-9.0 Temperature ( u C) (optimum) T were grown aerobically on MA at 15 u C for 5 days before cells of similar physiological age were harvested from the third sectors of the quadrant streaks. Fatty acid methyl esters were obtained, by saponification, methylation and extraction, according to the standard protocol of the Sherlock Microbial Identification System (version 6.1; MIDI). Fatty acids were analysed by GC (Agilent 7890A) and identified by using the TSBA6.0 database of the Microbial Identification System (Sasser, 1990) . The major respiratory quinone of strain F051-1 T was determined by the Korean Culture Center of Microorganisms, Seoul, Korea, using reversed-phased HPLC (Komagata & Suzuki, 1987) . Polar lipids were separated by TLC, on silica gel 60 F 254 plates (Merck), according to the procedures described by Minnikin et al. (1984) . Individual polar lipids were then identified by spraying with the appropriate detection reagents and through comigration with authentic standards (Sigma) (Komagata & Suzuki, 1987) . The G+C content of the genomic DNA of strain F051-1 T was determined, by the thermal denaturation method (Marmur & Doty, 1962) , using an Ultrospec 2100 spectrophotometer (Pharmacia Biotech) and, as a control, DNA from Escherichia coli K-12.
The major cellular fatty acids of strain F051-1 T were iso-C 15 : 0 (19.6 %), iso-C 15 : 1 G (16.0 %) and anteiso-C 15 : 0 (7.4 %). The fatty acid compositions of strain F051-1 T and the reference strains were generally similar (Table 2) but strain F051-1 T differed from the reference strains in the respective proportions of several fatty acids. The major respiratory quinone of strain F051-1 T was menaquinone-6 (MK-6), as seen in established members of the genus Psychroserpens (Kwon et al., 2006) and all members of the family Flavobacteriaceae (Bernardet & Nakagawa, 2006) . The polar lipid profile of strain F051-1 T comprised phosphatidylethanolamine, two unidentified aminolipids, one unidentified phospholipid and eight unidentified lipids (Fig. 2) . Although the polar lipid profile of P. mesophilus and P. burtonensis also each contained phosphatidylethanolamine, two unidentified aminolipids and one unidentified phospholipid (Yi et al., 2012) , they did not contain detectable amounts of six of the additional unidentified lipids found in strain F051-1 T . The G+C content of the genomic DNA of strain F051-1 T , 33.5 mol%, was slightly higher than the values (27-29.4 mol%) reported for the type strains of the two established members of the genus Psychroserpens (Bowman et al., 1997; Kwon et al., 2006) .
In conclusion, phylogenetic inference, chemotaxonomic and other phenotypic characteristics allow strain F051-1 T to be distinguished from established members of the genus Psychroserpens. On the basis of these results, strain F051-1 T represents a novel species in the genus Psychroserpens, for which the name Psychroserpens damuponensis sp. nov. is proposed. Cells are Gram-staining-negative, rod-shaped (0.5 mm in diameter and 2.0 mm in length), strictly aerobic and nonmotile. Colonies on MA are circular, convex, entire, smooth, yellow-coloured and 1.0-5.0 mm in diameter. Growth occurs at 4-30 u C (optimum 25 u C), at pH 6.0-9.0 (optimum between pH 7.0 and pH 8.0), and with 1.0-6.0 % (w/v) NaCl (optimum 3.0 % None of the other carbon sources in the GN2 system is oxidized. Cells are susceptible to ampicillin (10 mg), carbenicillin (100 mg), erythromycin (15 mg), lincomycin (15 mg), novobiocin (5 mg), oleandomycin (15 mg) and rifampicin (5 mg) but resistant to gentamicin (10 mg), kanamycin (30 mg), nalidixic acid (30 mg), neomycin (30 mg), penicillin (10 U), polymyxin B (300 mg), streptomycin (10 mg) and tetracycline (30 mg). The major cellular fatty acids are iso-C 15 : 0 , iso-C 15 : 1 G and anteiso-C 15 : 0 . The polar lipid profile is composed of phosphatidylethanolamine, two unidentified aminolipids, one unidentified phospholipid and eight unidentified lipids. The major respiratory quinone is menaquinone-6.
The type strain, F051-1 T (5KCTC 23539 T 5JCM 17632 T ), was isolated from a seawater sample collected from the coast at Damupo beach in Pohang, South Korea. The genomic DNA G+C content of the type strain is 33.5 mol%. 
